The forecasting techniques for the prediction of nor'westers and associated winds and rainfall have been developed. 
INTRODUCTION
Nor'westers is the most frequent events during the pre-monsoon season (March-May) in Bangladesh. They are the manifestations of the instability of the troposphere where significant changes in thermodynamic characteristics take place. Because of these changes in the thermodynamic characteristics, giant cumulonimbus clouds form in the atmosphere resulting in severe thunderstorms whose fury at times is comparable with that of a tornado and cause extensive damage to property and loss of lives in Bangladesh. Sometimes, tornadoes are embedded in the mother clouds, which are produced due to the presence of greater instability and sufficient moisture influx in the troposphere. The damage is caused mainly due to maximum wind speed (MWS) associated with nor'westers/tornadoes. Not many studies have been made on the maximum peak gust associated with thunderstorms over Bangladesh and India. Pendse et al. (1967) observed that the most probable peak speed that a thunder squall at Nagpur on any day is likely to attain is in the range of 50 -79 km/hr.
The problem for the meteorologist is to determine the MWS associated with nor'westers. In Bangladesh, the meteorologists use the Tephigram analysis for the determination of maximum gust due to nor'westers following the method of Miller (1967) . There is no empirical method for the determination of maximum gust due to nor'westers. It is, therefore, imperative to develop some empirical method so that the MWS associated with nor'westers can be forecasted.
During the pre-monsoon season, rainfall associated with nor'westers is very important for the agricultural activities in the country and also for the comfort of human being. Keeping in view of this fact, it is essential to develop linear multiple regression equations for the rainfall associated with nor'westers in Bangladesh.
One of the most difficult problems faced by the operational Meteorologists is whether to forecast thunderstorms/nor'westers or severe nor'westers or severe nor'westers accompanied by tornadoes. For most part, the same parameters will be present, in varying degree of intensity, for either phenomenon. Reasonable discrimination depends on certain synoptic features. The area over which nor'westers are likely to occur varies from one day to the other mostly depending on the synoptic situation at the surface and upper level. Meteorologists prepare charts of different stability indices to delineate the area of instability of the atmosphere conducive to the formation of thunderstorms. Some of the stability indices are SI, LI, DPI, DII, SWEAT, EI etc (Showalter 1953) , Faubush et al. (1951) , Darkow (1968) , Galway (1956) , Chowdhury and Karmakar (1986) , Das et al. (1994) , Karmakar and Alam 2006) and modified instability indices MVT, MCT, MTT, MKI, MSWI, MEI etc. (Karmakar and Alam 2007) have been computed by using the 850 and 925 hPa levels, respectively considering as the as the low-levels. Identification of this are with positive threat of the storms is one of the difficult tasks faced by the Meteorologists. These criteria may be used as the forecasting techniques for the occurrence of nor'westers.
Attempts have been made to correlate the MWS associated with nor'wester/ thunderstorms, which occurred at Dhaka with a number of meteorological parameters in order to develop a multiple regression formula suitable for the forecasting of maximum gusty wind speed associated with nor'westers/thunderstorms. Linear multiple regression equations have also been developed for the forecasting of 24 hrs rainfall associated with nor'westers. Attempts have also been made to verify the developed regression equations for the rainfall and the maximum gusty wind speed by using data on the dates of occurrence of nor'westers during the pre-monsoon season of 2005 and continuous data of 1 -16 May, 2005 . Synoptic and statistically techniques for the forecasting of nor'westers and associated maximum gusty wind and rainfall have been developed. Maximum wind speed recorded at Dhaka due to nor'westers, rawinsonde data at different isobaric height, MSL pressure at 0000 UTC on the dates of occurrence of nor'westers during the period March-May of 1990-1995 have been utilized to find out an empirical formula for the determination of maximum gusty wind speed associated with nor'westers. The rawinsonde data has been used to derive a lot of parameters with which multiple regressions have been made.
The rawinsonde data at 0000 UTC over Dhaka, maximum gusty wind over Dhaka, MSL pressure and the next 24 hours rainfall at 34 stations over Bangladesh on the dates of occurrence of several nor'westers during March -May, 2005 have been used to verify the regression equations developed, for the prediction of maximum gusty wind speed and the rainfall associated with nor'westers. The data have been collected from the Storm Warning Centre (SWC) of Bangladesh Meteorological Department (BMD).
MATERIALS AND METHODS
The maximum wind speed (MWS) and rainfall associated with nor'westers over Dhaka have been correlated with a number of parameters with a view to forecasting them by using multiple regression equation as given below:
where, X 1 = Total Totals Index (TT) over Dhaka at 0000 UTC, X 2 = Cross Total Index (CT) over Dhaka at 0000 UTC, X 3 = Vertical Total Index (VT) over Dhaka at 0000 UTC, X 4 = K-Index (KI) over Dhaka at 0000 UTC, X 5 = Showalter Stability Index (SI) over Dhaka at 0000 UTC, X 6 = Lifted Index (LI) over Dhaka at 0000 UTC, X 7 = Dew-Point Index (DPI) over Dhaka at 0000 UTC, X 8 = Dry Instability Index (DII) over Dhaka at 0000 UTC, X 9 = SWEAT Index (SWI) over Dhaka at 0000 UTC, X 10 = Energy Index (EI) over Dhaka at 0000 UTC, are regression co-efficients.
After obtaining the multiple regression equation for MWS associated with nor'westers, values of the MWS have been computed. The scatter diagrams for the computed MWS and the actual MWS have been prepared to obtain the values of R 2 . Then the significance test has been made with the help of F-distribution (Makridakis et al. 1983, Alder and Roessler 1964) .
where N is the number of observations and k is the number of regressors. If the calculated value of F is greater than the theoretical value at certain significance level (0.05 or 0.01 i.e., 95% or 99% significance level) then R 2 is taken as significant at that level.
The standard error of estimate (SEE) between the actual data and the estimated values has been computed with the help of the equation:
where, Y is the actual value, Y e is the computed value.
RESULTS AND DISCUSSION
The frequency distribution of MWS associated with nor'westers at Dhaka has been studied. The MWS and rainfall associated with nor'westers at Dhaka have been correlated with different parameters using rawinsonde data at 0000 UTC over Dhaka as described in methodology and a number of experiments have been conducted to find out an empirical formula for forecasting the MWS and rainfall associated nor'westers. Some of the results are described in the following sub sections. The correlation coefficient is 0.5264 and the F-value is 1.53 (F 0.95 = 2.08 for df (10,40)), which is not statistically significant. The SEE is 17.91 km/hr. The variation of the actual MWS and the computed MWS is shown in Fig. 1 . It is seen from the Fig. 1 The correlation coefficient is 0.59144 and the F-value is 0.81, which is (F 0.95 = 1.93 with df (19, 31)) not statistically significant. The SEE is 16.99 km/hr. However, the result is encouraging. The variation of the actual MWS and the computed MWS is shown in Fig.  2 . The figure shows that the pattern of the variation of actual and computed MWS is almost the same in most of the cases.
C. Experiment 3
Twenty four parameters derived from the rawinsonde data and surface data have been correlated with MWS associated with nor'westers. The linear multiple regression equations 1, 2, 3 and 4 developed for the maximum gusty wind speed have been used to compute the maximum gusty wind speed using the different parameters derived from the rawinsonde data and MSL pressure over Dhaka for the pre-monsoon season of 2005. The computed maximum gusty wind speed at Dhaka and the actual maximum gusty wind speed at Dhaka have been compared and are given in Table 2 . The linear multiple regression equations 1, 2, 3 and 4 for maximum gusty wind speed have also been used to compute the maximum gusty wind speed using continuous data over Dhaka during 1 -16 May, 2005. The computed maximum gusty wind speed and the actual maximum gusty/maximum wind speed at Dhaka have been compared and are given in Table 3 .
It can be seen from the Linear multiple regression equations have been developed for the prediction of 24 hrs country-averaged rainfall (CAR), maximum 24 hrs rainfall in Bangladesh and 24 hrs rainfall over Dhaka using different meteorological parameters and rainfall due to nor'westers. 
where, R CA is the country-averaged 24 hrs rainfall over Bangladesh. The correlation coefficient is 0.62777, which is significant at 100% level of significance [F cal = 3.86, F = 2.27, df (15, 89) ]. The correlation coefficient is statistically significant at 100% level.
The linear multiple regression equation 5 for the 24 hrs CAR has been used to compute the CAR using the different parameters derived from the rawinsonde data for the period 1 -16 May, 2005 and the results are given in Table 6 . The results indicate overestimation of CAR but the SEE is 16.55. This may due to the fact that upper air data over Dhaka has been used but nor'westers did not occur everyday over Dhaka during the period and so the rainfall was zero at Dhaka on those days. 
where, R Max is the 24 hrs maximum rainfall in Bangladesh. The correlation coefficient is 0.56125, which is significant at 100% level of significance [F cal = 2.73, F = 2.27, df (15, 89)]. The correlation coefficient is statistically significant at 100% level.
The linear multiple regression equation 6 developed for the 24 hrs maximum rainfall over Bangladesh has been used to compute the maximum rainfall using the different parameters derived from the rawinsonde data for the period 1 -16 May, 2005 and the results are given in Table 7 . Though the SEE, 749 . 18  , is larger, the results are encouraging. 
where, R Dha is the 24 hrs rainfall at Dhaka. The correlation coefficient is 0.56391, which is significant at 100% level of significance [F cal = 2.77, F = 2.27, df (15, 89) ]. The correlation coefficient is statistically significant at 100% level.
The linear multiple regression equation 7 developed for the 24 hrs rainfall at Dhaka has been used to compute the maximum rainfall using the different parameters derived from the rawinsonde data over Dhaka for the pre-monsoon season of 2005. The computed 24 hrs rainfall at Dhaka and the actual 24 hrs rainfall at Dhaka have been compared and is given in Table 8 . It can be seen from the Table 8 that the results are encouraging with SEE  17.683 mm for the regression equation 7. Though the SEE is larger, the correlation coefficient is statistically significant at 100% level. Regression equation 7 has been used to compute 24 hrs rainfall at Dhaka using the different parameters derived from the rawindsonde data for the period 1 -16 May, 2005 and the results are given in Table 7 . The equation overestimates the rainfall at Dhaka. This may be due to the fact that nor'westers did not occur over Dhaka everyday and so the rainfall was zero at Dhaka on many days.
D. Simple regression equations for the CAR in Bangladesh
In case of verification of the regression equations for rainfall, it has been found that there are trace amount of rainfall on one or two days. Trace amount of rainfall is defined as the rainfall below 0.5 mm. In this study, 0.25 mm is taken as the trace amount of rainfall. Based on the data during the pre-monsoon season of 1990-95, the regression equations developed for the CAR with precipitable water and MSWI are given below:
where, R CA is the 24 hours CAR over Bangladesh, W is the precipitable water content of the troposphere at 0000 UTC over Dhaka and MSWI is the Modified SWEAT Index. The correlation coefficients are 0.24915 (t cal = 2.64837, n = 108) and 0.30425 (t cal = 3.28832, n = 108), which are significant at 95% level of significance. Table 4 gives the comparison between the actual and the computed CAR. The table shows the encouraging results with SEE  3.178 and  3.733 mm for the regression equations 8 and 9, respectively. These equations can be used to predict country-averaged 24 hrs rainfall associated with nor'westers. Using the data for the period 1 -16 May, 2005 has also used the above equations to obtain CAR amount and the results are given in Table 9 . The results are encouraging too with SEE 910 . 4  and 821 . 5  for the equations 8 and 9, respectively.
E. Simple regression equations for the 24 hours rainfall at Dhaka and maximum rainfall in Bangladesh
The regression equations for the 24 hrs rainfall at Dhaka and the maximum rainfall in Bangladesh with precipitable water and SWI are given below:
where, R Dha is the 24 hrs rainfall at Dhaka, R Max is the 24 hours maximum rainfall in Bangladesh, W is the precipitable water content of the troposphere at 0000 UTC over Dhaka and SWI is the SWEAT Index. The correlation coefficients are 0.246601 (t cal = 2.619817, n= 108) and 0.29504 (t cal = 3.17912, n =108), which are significant at 95% level of significance. Table 10 gives the comparison between the actual 24 hours rainfall at Dhaka and maximum 24 hours rainfall in Bangladesh and the computed rainfall.
The table shows the encouraging results with SEE  12.3388 and  8.5680 mm for the regression equations 10 and 11, respectively. Though the SEE is a bit larger in case of 24 hrs rainfall at Dhaka, the correlation coefficient is statistically significant at 95% level. The SEE is significantly smaller in case of maximum rainfall in Bangladesh. These equations can be used to predict 24 hrs rainfall at Dhaka and 24 hrs maximum rainfall in Bangladesh associated with nor'westers. The above equations have also been used to obtain 24 hrs rainfall at Dhaka and the maximum rainfall over Bangladesh by using the continuous data for the period 1 -16 May 2005 and the results are given in Table 7 
CONCLUSIONS
Based on the present study, the following conclusions can be drawn:
(i) The maximum frequency of wind speed is in the range of 50-60 km/hr and the frequency is 10 most of the gusts/MWS at Dhaka occurs in the range of 50-110 km/hr.
(ii) The proposed regression equations are useful in the estimation of maximum gusty wind speed associated with nor'westers in Bangladesh. Using them, the computed values of maximum gusty wind speed have statistically significant correlation with the actual maximum gusty wind speed and are comparable with the observed.
(iii) The multiple regression equations developed for the estimation of 24 hrs CAR, 24 hrs maximum rainfall in Bangladesh and the 24 hrs rainfall at Dhaka are likely to be useful in the operational forecasting purposes.
(iv) The techniques identified for the occurrence of nor'westers will be useful for the operational Meteorologist in Bangladesh and provide better forecasting tool.
